The risk of Burkitt lymphoma (BL) is increased in HIV-infected patients as compared to general population in
Introduction. Burkitt lymphoma (BL) in African children is known to be associated with EBV infection. However, this is not always the case with the sporadic cases of BL in adults in other geographical areas [1, 2] . The incidence of sporadic BL is significantly increased in HIV-positive patients [3] . One of the EBV-encoded RNAs (EBER) characteristic of the latent viral cycle could be found only in about 30 % of HIV-related lymphoma cases [2] . Therefore, lymphomagenesis may be caused in these 30 % of cases by reactivation of EBV upon HIV infection, although these data are contested (compare [4] , and [5] ). At the same time, at least 70 % of cases of HIV-positive BL do not have a direct link to EBV infection.
The relative risk of various NHLs (Non-Hodgkin's lymphomas, to which BL pertain) in HIV-patients is clearly associated with immunodeficiency. Most of the lymphomas develop after the development of AIDS and the risk increases with the increase in viral loads and decrease in CD4-cell counts [6] [7] [8] . However, one cannot exclude the role of HIV itself in lymphomagenesis. In this review we are going to discuss mechanisms of HIVassociated BL, and various viral components that could be implicated in oncogenesis.
Molecular mechanisms of lymphomagenesis. The specific genomic trait of BL cells is a translocation of cmyc gene to imunnoglobulin gene loci, accompanied with c-myc oncogene overexpression [1, 9, 10] . In 80 % of BL cases B lymphocytes exhibit a translocation between the c-myc and IgH (immunoglobulin heavy chain) genes on chromosomes 8 and 14, respectively. Other variants include translocation between c-myc and other immunoglobulin gene loci on chromosomes 2 or 22 (IgK and IgL genes, respectively) [10] . The translocation is caused by errors in DNA repair via Non-Homologous End Joining (NHEJ). This mechanism joins two ends of broken DNA located in the immediate proximity [10] [11] [12] . The translocation partners therefore should be located closely together so that translocation could occur.
In normal na¿ve B-lymphocytes, IgH and c-myc loci are colocalized only in 6 % of the nuclei in mouse and humans ( [12] , Klibi et al., unpublished results). However, 5 min after induction of B cell proliferation with IL-4 admixed with antibodies to IgM and CD40, c-myc rapidly relocates from the border of the nucleus to transcription factories, including those with actively expres-sed IgH gene. This causes an about 3-fold increase in IgH/c-myc colocalization rates [12] . The increased IgH/ c-myc colocalization may consequently increase the translocation rate.
HIV and B cell abnormalities All the viral components that may contribute to B cell activation and the subsequent colocalization of c-myc and IgH loci might play a role in HIV-associated lymphomagenesis.
HIV infection leads to multiple B cell abnormalities, including hyperactivation, immunoglobulin class switching and HIV-specific B lymphocyte maturation [13] [14] [15] . Moreover, there are data on the relation of increased risk of lymphomagenesis with B cell activation upon viral infection [16] . It should be noted that there are other data that argue against such correlation [6] .
HIV virions, Tat, and Nef, and possible lymphomagenesis. HIV infects primarily macrophages and T lymphocytes, although infection of some B cell subpopulations is also possible at a very low rate [17] . However, the virus may attach to B cell surface [18, 19] . It is likely that such binding may somehow alter B cell function. For instance, it has been shown that HIV-1 envelope protein Gp-120 decreases human B cell chemotaxis and CD62 ligand expression, and increases CD95-mediated B cell apoptosis in B cells isolated from human tonsils [20] .
Another crucial viral component that can greatly influence B cells is the HIV-Tat protein, a small hydrophobic protein that is excreted by virus-infected cells and can penetrate through the membrane of other cell types [21] . Treatment of peripheral blood mononuclear cells with recombinant Tat protein at 12-24 nM (0.15-0.28 mg/ml) up-regulated Fas expression in B cells, which is a sign of B cell activation [22] . Conversely, addition of extracellular Tat at 0.5-1 mg/ml decreased the proliferation of tonsillar B cells stimulated with antiIgM antibody and IL-4 or anti-IgM and CD40 antibodies [23] . Thus, Tat could be a potent modulator of B cell proliferation, which may lead to B cell malignancies. Consistent with this hypothesis, transgenic mouse lines expressing Tat exhibited increased rates of malignant lymphoma of B-cell origin one year after birth [24] . However, histological features of lymphoma cells of these mice differed from those characteristic of human BL.
Nef protein also released by HIV-infected cells was recently shown to penetrate B cells and to alter B cell response via direct and indirect mechanisms. Swingler et al. presented evidence that HIV-1 Nef induces ferritin secretion from infected macrophages via activation of NFkB, which causes B cell activation and hypergammaglobulinemia [25] . Recent work by Xu et al. showed that HIV-infected macrophages were able to connect to B cells via nanotubes, which induces transfer of Nef protein to B cells [26] . It should be noted that soluble Nef was also shown to enter B cells in vivo and in vitro without any nanotubes [27] . In the same study Nef was shown to suppress CD40-dependent immunoglobulin class switching in B cells, which leads to B cell dysfunction and might influence the likelihood of lymphomagenesis.
Conclusions. The majority of HIV-related Burkitt lymphomas are not associated with EBV infection. HIV was shown to activate B lymphocytes and alter B cell response in vitro and in vivo. Various viral components, such as viral envelope, Tat and Nef proteins can come in contact with B cells or penetrate them and have been shown to be implicated in B cell activation and misregulation of B cell functions. All these factors may contribute to prolonged relocalization of c-myc to transcription factories and, therefore, to the proximity of IgH gene, which may cause subsequent c-myc/IgH translocation followed by B cell immortalization and cancer. 
